, and human astrocytoma cell lines (2, 21), are also known to be permissive for the production of HCMV; however, none of these cells lines fully support plaque formation. A permanently growing cell line which is permissive for productive HCMV infection and supports plaque formation would be an extremely useful and convenient tool to study HCMV infections in vitro. It has been demonstrated that the E6 and E7 genes of human papillomavirus (HPV) type 16 have the capacity to immortalize primary human keratinocytes, the permissive host for HPV infections (13). In the present study, the E6 and E7 genes of HPV type 16 along with the neomycin resistance marker were stably introduced into the genome of human foreskin fibroblasts (HFF) and an immortalized fibroblast (IF) cell line was isolated. The resultant cell line is thus far immortal in its growth properties and remains permissive to productive HCMV infection and plaque formation.
Human cytomegalovirus (HCMV) is a significant human pathogen responsible for severe clinical manifestations in immunosuppressed individuals (1, 15, 17, 25, 29, 30) . Molecular characterization of HCMV has proven challenging because of its long life cycle and limited host range in vitro. Secondary cultures of human diploid fibroblasts from various origins are predominately used to propagate HCMV, and these cell lines are uniquely capable of producing plaques. Other cell lines, such as human brain endothelial cells (24, 28) , human umbilical vein endothelial cells (14, 31, 33, 38) , a teratocarcinoma cell line (23) , cultures of human macrophages and monocytic cell lines (16, 39) , and human astrocytoma cell lines (2, 21) , are also known to be permissive for the production of HCMV; however, none of these cells lines fully support plaque formation. A permanently growing cell line which is permissive for productive HCMV infection and supports plaque formation would be an extremely useful and convenient tool to study HCMV infections in vitro. It has been demonstrated that the E6 and E7 genes of human papillomavirus (HPV) type 16 have the capacity to immortalize primary human keratinocytes, the permissive host for HPV infections (13) . In the present study, the E6 and E7 genes of HPV type 16 along with the neomycin resistance marker were stably introduced into the genome of human foreskin fibroblasts (HFF) and an immortalized fibroblast (IF) cell line was isolated. The resultant cell line is thus far immortal in its growth properties and remains permissive to productive HCMV infection and plaque formation.
HFF cells were purchased from Clonetics, San Diego, Calif., and propagated as previously described (8, 27 ). An amphotropic retrovirus-packaging cell line which produces the recombinant virus LXSN16E6E7 as described by Halbert et al. (13) 23 and 28. One-step growth curve analysis was performed to evaluate the IF cell line for permissiveness to HCMV infection. The AD169 strain of HCMV was used for these studies and propagated in HFF cells as previously described (8, 27 . Following a 90-min adsorption period, the inoculum was removed and medium containing 2% fetal bovine serum (maintenance medium) was added to each plate. The plates were incubated at 37°C and harvested on days 2, 5, 7, 9, and 13 postinfection. On the indicated day postinfection, one dish from each cell line was collected for plaque titration analysis. Plaque titrations were performed as described previously (8) . As shown in Fig. 1 10-fold higher from the IF cells in the results of the experiment presented here. In repeat experiments, the yield of AD169 was generally higher from the IF cells by 10-fold than that from the HFF cells. It is not known whether this slight difference is strain specific or biologically significant. Highly similar growth curves were also obtained when only extracellular virus was recovered, although the titers were approximately 100-fold lower (data not shown).
HCMV gene expression in permissive fibroblasts is characterized by sequential expression of the viral genome that is temporally regulated and designated into three classes: immediate-early (IE), early, and late (34, 36) . The synthesis of the major IE protein, a 72-kDa protein, and two glycoproteins, gB and gH, was examined in HFF and IF cells at various times postinfection by Western immunoblot analysis. The major IE gene product, a 72-kDa protein, was detected with a polyclonal antiserum raised against recombinant-derived, purified 72-kDa protein (26) . This antiserum, which recognizes both the 72-kDa (IE1) and 86-kDa (IE2) proteins, was a generous gift from Jay A. Nelson, Oregon Health Sciences University, Portland. HFF or IF cells were cultured in 35-mm-diameter dishes and infected with HCMV at an MOI of 3. On the indicated day postinfection, the cells were harvested by scraping with a rubber policeman, pelleted by centrifugation, washed with phosphate-buffered saline (PBS), and suspended in glass-distilled water. After disruption by sonication, the cell extract was treated with sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer and resolved in triplicate on SDS-7.5% PAGE gels followed by transfer to nitrocellulose membranes essentially as described elsewhere (6) . The After adsorption for 90 min at 37°C, the inoculum was removed and maintenance medium was added. On the indicated day postinfection, the cells were harvested, lysed, treated with SDS-PAGE sample buffer which contained 2-1-mercaptoethanol, resolved in triplicate by SDS-PAGE (7.5% acrylamide), and transferred to nitrocellulose as described in the text. The 72-kDa IE protein, gB, and gH were detected with monospecific antibodies followed by horseradish perosidase-conjugated anti-species second antibody and detected with chemiluminescence as described in the text.
in WB plus 0.1% SDS and incubated with the membrane for 60 min at room temperature. After the membrane was washed, the primary antibody was detected with horseradish perioxidase-conjugated goat anti-rabbit serum (Pierce). Chemiluminesence (ECL; Amersham) was used to detect the antibody conjugates as described by the manufacturer, and the membranes were exposed to X-OMAT film (Kodak), generally for 10-30 s. As shown in Fig. 2 , the major IE protein was evident at 1 day postinfection in both the HFF and IF cells. The steady-state levels of the 72-kDa IE protein in HFF cells declined after 3 days postinfection, a finding in agreement with that of Stenberg et al. (35) . In contrast, the levels of the IE protein remained fairly constant in the IF cells until 9 days postinfection.
Glycoprotein B was chosen as a general representative of an early gene product since synthesis of gB is detectable in the presence of inhibitors of DNA replication (5) . The gB glycoprotein is contained within the gC-I envelope glycoprotein complex and is also referred to as gpl30/55 (3, 9, 11, 12, 20) . A monoclonal antibody (27- diluted in WB followed by horseradish peroxidase-conjugated goat anti-mouse serum and with chemiluminesence. Synthesis of the gB protein was detectable on day 3 and remained evident in both cell lines for the duration of the experiment (Fig. 2) . In addition, processing and proteolytic cleavage of the gB biosynthesis products appeared to be identical in the IF cells and HFF cells.
Synthesis of glycoprotein H (gH) is not evident in the absence of viral DNA synthesis and is therefore a representative of late gene products (5) . To detect gH, a polyclonal antibody (no. 6824) was generated in a rabbit after immunization with two peptides derived from the gH sequence (10) . Briefly, two peptides consisting of C-SYRSFQQLKAQD SLGQQPTT and C-SDLYTPCSSSSGRRDHSLERLTR (amino acids 135 to 155 and 517 to 538, respectively) were synthesized (kindly provided by Johnson and Johnson, San Diego, Calif.) and coupled to a single keyhole limpet hemocyanin carrier by using a heterobifunctional cross-linking reagent (sulfo-SMCC; Pierce). The peptide conjugate (500 ,ug) was injected into a New Zealand White rabbit, and the animal was boosted every 4 weeks. A high-titer polyclonal antiserum was obtained. The no. 6824 antiserum recognizes the gp86 component of the gC-III complex (12) which contains the gH homolog of HCMV (10) . To confirm that this reagent was specific for gH, a monoclonal antibody specific for gH (14-4b) was also provided by William J. Britt and used to immunoprecipitate gH from infected cell extracts. The immunoprecipitate was then transferred to nitrocellulose and positively detected with the no. 6824 antibody (data not shown). The anti-gH serum was diluted in WB plus 0.1% SDS and detected as described above. In both cell lines, glycoprotein H was not readily detectable until 5 days postinfection and remained evident through 9 days postinfection (Fig. 2) . In general, the kinetics of expression of IE, early, and late gene products was very similar in both cell lines.
While the kinetics of detection of the three proteins studied here were similar, levels of all three HCMV gene products appeared slightly higher in the IF cells. In particular, the IE protein was detectable until 9 days postinfection, while levels of IE protein declined in the HFF cell line after 3 days postinfection. To determine whether the IF cells were more efficiently infected by HCMV, immunofluorescence analysis was performed to examine the number of IEpositive cells as a function of time. In this experiment, HFF or IF cells cultured on glass coverslips were infected with HCMV (MOI = 3) for various periods of time. At the indicated time, the cells were fixed with 3% paraformaldehyde in PBS for 20 min and then permeabilized with 0.1% Triton X-100 for 10 min. The fixed monolayers were washed with PBS plus 0.2% gelatin, and the cells were reacted with the anti-IE antibody described above for 60 min at room temperature. The coverslips were then washed three times for 5 min each time with PBS-gelatin, and the primary antibody was detected with rhodamine-conjugated goat antirabbit serum (Kirkegaard & Perry Laboratories, Inc., Gaithersburg, Md.) for 60 min at room temperature. The wash steps were repeated, and the coverslips were mounted in Gelvatol as described previously (7) . The percentage of IE-positive cells was determined, and the data are summarized in Table 1 . As shown in Table 1 , the number of IE-positive cells was not significantly greater in the IF cells than in the HFF cells. This result indicates that the IF cell line is not more efficiently infected than the parental fibroblasts. These data and the results of the Western blot analysis (Fig. 2) suggest that synthesis of the major IE protein is sustained longer in the IF cells than in HFF cells, a situation which may be due to the presence of the HPV E6 and E7 proteins.
To determine whether the IF cell line could support plaque formation, HFF or IF cells cultured in 35-mm-diameter dishes were infected with 100 PFU of HCMV and incubated as described above. On day 12 postinfection, the monolayers were fixed with 25% formalin and stained with 0.05% methylene blue. As shown in Fig. 3 (4, 18, 19, 22, 37) . The lack of a permanently growing cell line which supports plaque formation has prevented the production of stains of virus with deletions in essential gene products, since a stably transfected, complementing cell line which provides the gene product to be removed in trans is required. The development of an immortalized cell line which is permissive for HCMV infection and plaque formation represents a major technical advancement that will be useful for future genetic analysis of HCMV. 67, 1993 -N -f--. 
